Transient potential receptor channel 4 controls thrombospondin-1 secretion and angiogenesis in renal cell carcinoma.
Angiogenic switch in renal cell carcinoma (RCC) is attributed to the inactivation of the von Hippel-Lindau tumor suppressor, stabilization of hypoxia inducible factor-1 transcription factor and increased vascular endothelial growth factor. To evaluate the role of an angiogenesis inhibitor, thrombopsondin-1 (TSP1), we compared TSP1 production in human RCC and normal tissue and secretion by the normal renal epithelium (human normal kidney, HNK) and RCC cells. Normal and RCC tissues stained positive for TSP1, and the levels of TSP1 mRNA and total protein were similar in RCC and HNK cells. However, HNK cells secreted high TSP1, which rendered them nonangiogenic, whereas RCC cells secreted little TSP1 and were angiogenic. Western blot and immunostaining revealed TSP1 in the cytoplasm of RCC cells on serum withdrawal, whereas, in HNK cells, it was rapidly exported. Seeking mechanisms of defective TSP1 secretion, we discovered impaired calcium uptake by RCC in response to vascular endothelial growth factor. In HNK cells, 1,2-bis(o-aminophenoxy)ethane-N,N,N',N'-tetraacetic acid acetoxymethyl ester, a calcium chelator, simulated TSP1 retention, mimicking the RCC phenotype. Further analysis revealed a profound decrease in transient receptor potential canonical ion channel 4 (TRPC4) Ca(2+) channel expression in RCC cells. TRPC4 silencing in HNK cells caused TSP1 retention and impaired secretion. Double labeling of the secretory system components revealed TSP1 colocalization with coatomer protein II (COPII) anterograde vesicles in HNK cells. In contrast, in RCC cells, TSP1 colocalized with COPI vesicles, pointing to the retrograde transport to the endoplasmic reticulum caused by misfolding. Our study indicates that TRPC4 loss in RCC leads to impaired Ca(2+) intake, misfolding, retrograde transport and diminished secretion of antiangiogenic TSP1, thus enabling angiogenic switch during RCC progression.